Introduction
============

Renal cell carcinoma (RCC) is one of the most lethal urological malignancies. The 5-year relative survival rate of RCC patients was about 71%, compared to 78% for bladder urothelial cell carcinoma (excluding carcinoma in situ) and 99% for prostate cancer.[@b1-tcrm-14-1235]

The incidence of RCC is about 12 per 100,000 population per year, with a male to female ratio 1.5.[@b1-tcrm-14-1235] RCC is a disease of aging people, with higher prevalence among those aged between 50 and 70 years.[@b1-tcrm-14-1235]--[@b3-tcrm-14-1235] The incidence has increased in recent decades by an average of 3%--4% per year, and this trend was largely related to the increased prevalence of imaging survey techniques, such as ultrasonography or computed tomography scan, for the evaluation of all cause of abdominal problems.[@b4-tcrm-14-1235],[@b5-tcrm-14-1235]

With the wide use of cross-sectional imaging, RCC is more often diagnosed at early stage as localized disease.[@b6-tcrm-14-1235]--[@b8-tcrm-14-1235] The management of localized RCC includes radical nephrectomy (RN), partial nephrectomy (PN), thermal ablation, and active surveillance.[@b9-tcrm-14-1235]--[@b14-tcrm-14-1235] Among the variety of treatment modalities, surgery remains the mainstay for curative treatment of this disease.

The goal of surgery for RCC is to excise all tumors with adequate preservation of surgical margin. RN is the preferred option for many patients with localized RCC, such as those with very large tumors (most clinical T2 tumors) or the relatively limited subgroup of patients with clinical T1 tumors whose tumor are not amenable to nephron-sparing approaches.[@b15-tcrm-14-1235] Compared to RN, PN is the preferred choice for renal function preservation in selected feasible patients, especially for those with chronic kidney disease.[@b10-tcrm-14-1235],[@b15-tcrm-14-1235]--[@b17-tcrm-14-1235]

Although effective, traditional open surgeries to the kidney are associated with significant postoperative discomfort and longer recovery period. Compared with open renal surgery, minimally invasive surgery which is laparoscopic-assisted resulted in less change in muscle volume and a lower rate of flank bulge, paresthesias, and numbness postoperatively.[@b18-tcrm-14-1235]

In this study, we used a nationwide health insurance database to compare the open surgery and minimally invasive kidney surgery for RCCs for the aspects of complication, medical costs, and patient preference.

Materials and methods
=====================

Data sources
------------

We conducted a population-based case--control study by using the National Health Insurance (NHI) Research Database (NHIRD) of Taiwan. The database contained data from the state-run NHI program, which was established in 1995 and provides universal health care for 23 million Taiwanese residents.[@b19-tcrm-14-1235] The current health care system in Taiwan, known as NHI, was instituted in 1995. NHI is a single-payer compulsory social insurance plan which centralizes the disbursement of health care funds. The system promises equal access to health care for all citizens, and the population coverage had reached 99% by the end of 2004. NHI is mainly financed through premiums, which are based on the payroll tax, and is supplemented with out-of-pocket payments and direct government funding. This study was approved by the Institutional Review Board of Chang-Gung Memorial Hospital (IRB), approval number 104-7905B. All patient data from NHIRD are anonymized; therefore the board did not require informed consent from the patients for this study.

Study population
----------------

In this study, patients newly diagnosed with malignant neoplasm of the kidney, except that in the pelvis (renal cancer; International Classification of Diseases, Ninth Revision, Clinical Modification \[ICD-9-CM\] 189.0), during the period from 2006 to 2012 were identified from the Registry for Catastrophic Illness Patient database. The insurance coverage for catastrophic illnesses is an extension of the NHI program of Taiwan for protecting people with serious diseases from the financial burden. Renal cancer is an NHI-defined catastrophic illness, and the NHI program covers the costs incurred during treatment of the disease. Patients who underwent radical or PN for pathologically confirmed RCC were included. Types of surgeries were as open or minimally invasive surgeries. Minimally invasive surgeries included hand-assisted/pure laparoscopic or retroperitoneoscopic surgeries.

Statistical analyses
--------------------

We compared demographic characteristics, namely, gender, age, monthly income, underlying disease, and geographical location and urbanization level of the area of residence; and bleeding-related complications, hospital stay, postoperative analgesic dosage, and medical costs between the open surgery group and minimally invasive group.

Monthly income was identified according to insured amount of NHI, categorized as NTD\$20,000 (694 USD) and NTD\$40,000 NT (1,388 USD) (NTD\$ represents New Taiwan dollar). Bleeding relate complications were defined by perioperative or postoperative blood transfusion or receiving angiography with embolization during admission or 1 month after discharge from the hospital. Postoperative analgesic dosage was assessed with total postoperative dosage of opioid analgesic consumption.

The patients were then divided into 4 groups: open RN, minimally invasive RN (including laparoscopic and retroperitoneoscopic), open PN, and minimally invasive PN (including laparoscopic and retroperitoneoscopic). Comparison of open surgery and minimally invasive surgery was performed in RN and PN groups.

The associations between nominal variables were examined using the χ^2^ test and that between the continuous variables using independent *t*-test.

Results
=======

A total of 3,172 patients were included, and all of them were diagnosed as having RCC and underwent either radical or PN for tumor excision. The mean age was 61.1 years old, with a male to female ratio of 1.88. The mean stay in the hospital for renal surgery was 11.3 days, and medical costs was 102,186 NTD (3,546.9 USD). All the other detailed general characteristics are listed in [Table 1](#t1-tcrm-14-1235){ref-type="table"}.

The results of comparison between different surgery groups are shown in [Table 2](#t2-tcrm-14-1235){ref-type="table"}.

The percentage of open RN, minimally invasive RN, open PN, and minimally invasive PN are shown from 2006 to 2012 ([Figure 1](#f1-tcrm-14-1235){ref-type="fig"}). The number of open RN performed decreased gradually, with minimally invasive RN, open PN, and minimally invasive PN counts increasing year by year.

The average age of patients between open RN/minimally invasive RN, and open PN/minimally invasive PN was 58.9, 60.3, 57.4, and 56.9 years old, respectively. The male to female ratio was around 1.5--2.2 in all 4 groups. If RN or PN was required, the percentage of patients who received minimally invasive surgeries among male and female groups were 23.94% and 28.13%, respectively, with a significantly higher proportion of females choosing for this option (*p*=0.0104). In patients with monthly income more than \$NT 40,000 (1,388 USD), surgery was more likely minimally invasive when compared to patients of lower economic status.

In patients who received RN, open group patients had significant longer hospital stay compared to those who underwent minimally invasive surgery (12.4±8.8 days versus 10.3±6.7 days, *p*-value \<0.0001). A similar result was also seen in PN patients, with hospital stay duration of 9.7±5.7 days in open group versus 8.2±5.3 days in minimally invasive group (*p*-value =0.0031).

There was no significant difference between the medical costs when comparing open group and minimally invasive group, and neither was there a difference when comparing RN and PN groups.

In [Table 3](#t3-tcrm-14-1235){ref-type="table"}, we demonstrated the occurrence of bleeding-related complications and opioid analgesic demand, comparing the values between the open and minimally invasive groups.

Bleeding-related complications were defined by peri-operative or postoperative blood transfusion or receiving angiography with embolization during admission or 1 month after discharge from the hospital. The incidence of blood transfusion and angiography with embolization were separately listed.

In the RN group, the patients receiving open surgery had significantly higher bleeding-related complication than those in the minimally invasive group. However, there was no significant difference between patients who received open and minimally invasive PN.

The postoperative opioid analgesics demand was calculated by total dosage (mg/mL). In the RN group, patients receiving open surgeries significantly required more opioid analgesics than patients receiving minimally invasive surgery (87.6±120 mg/mL versus 55.3±89 mg/mL, *p*-value \<0.0001). However, in patients receiving PN, open group and minimally invasive group had similar opioid analgesics demand (49.9±65 mg/mL versus 48±65 mg/mL, *p*-value =0.8334).

Discussion
==========

For localized RCC, the efficacy and durability of operative extirpation had been demonstrated to be central to cure. However, studies also have shown that many patients can have permanent unfavorable body shape alterations with flank incisions resulting in significantly larger postoperative surface area and volume changes on the operated flank compared with the uninvolved flank. The dissatisfaction with regard to the body changes occurred in up to 60% of flank incisions, with a patient preference toward minimally invasive techniques.[@b20-tcrm-14-1235]--[@b22-tcrm-14-1235]

In addition to less body image change, minimally invasive surgery also results in minimal postoperative discomfort, a brief hospital stay, and a rapid recovery. Besides cosmetic and recovery advantage compared to open surgery, minimally invasive surgeries have been demonstrated to have equivalent functional and oncological outcomes.[@b23-tcrm-14-1235]--[@b26-tcrm-14-1235] With experience, all manner of laparoscopic renal surgeries are now routinely accomplished without compromise on surgical outcomes.

In our study, we used a nationwide, single-payer health insurance system, which covered 99% of about 23 million Taiwanese residents, to analyze the difference between open and minimally invasive surgeries for RCCs.

The average length of hospital stay of patients receiving minimally invasive surgeries was significantly shorter than those in the open surgery groups, with a difference of 2.1 days and 1.5 days in RN and PN group, respectively. The postoperative opioid analgesics demand was also significantly lower in open RN group than in minimally invasive RN group. This confirmed the result of previous studies regarding the faster recovery and better postoperative discomfort.[@b23-tcrm-14-1235],[@b27-tcrm-14-1235],[@b28-tcrm-14-1235]

Even with shorter hospital stay in minimally invasive group patients, the medical costs were similar in minimally invasive group and open group. However, the medical costs gathered from the Taiwan NHIRD are probably not the real total medical costs. The NHI covers most of the medical costs, except some expanse which was considered unnecessary for the treatment. Referring to laparoscopic RN or PN, medical instruments such as the GelPort Laparoscopic System manufactured by the Applied Medical Resources Corporation (Rancho Santa Margarita, CA, USA) or the Harmonic scalpel manufactured by Ethicon Endo-Surgery (Somerville, NJ, USA), etc, were considered unnecessary, although surgeons would consider those instruments helpful while performing minimally invasive renal surgeries in selected cases.

In this circumstance, a significant amount of the medical costs could be unrevealed in the study. Instead, the unrevealed medical costs were covered by the private medical insurance companies or the patients themselves. Overall, the medical expenditure paid by the patients is higher with minimally invasive surgery than with open surgery for RCC. This could also explain the trend why people with higher economic status would prefer to receive minimally invasive surgeries for RCC.

In RN group, patients receiving open surgery required more perioperative or postoperative blood transfusion than patients receiving minimally invasive surgery. However, the incidence of angiography with embolization after operation was similar in these 2 groups. The result could be explained that the overall major bleeding complications requiring angiography with embolization is similar in open surgery and minimally invasive surgeries. The benefit of cosmetic appearance and faster recovery from minimally invasive surgeries did not result in increase in major bleeding complication. However, in more advanced-stage disease, such as those with huge tumor volume, adjacent organ adhesion, or inferior vena cava thrombus, etc, open surgery was preferred to minimally invasive surgery by the surgeons, since the open surgery could possibly provide a clearer operation field and more immediate response for hemostasis if unexpected bleeding was encountered. This bias resulted in the higher chance of blood transfusion rate in open surgery group.

Despite the possible bias, this result still suggested that after proper selection of the patients, minimally invasive surgeries could provide adequate safety for hemostasis and no more bleeding complication than open surgeries.

Although many studies have demonstrated advantage of minimally invasive surgery for kidney cancers, as mentioned earlier, the minimally invasive surgeries including laparoscopic and retroperitoneoscopic surgeries have been underutilized.[@b29-tcrm-14-1235]--[@b31-tcrm-14-1235]

It is thought that after controlling all the variables including demographics, tumor size, and comorbidities, the consideration and preference of surgeons were the most significant predictors for the type of surgery performed. Besides the preference of surgeons, in this study we also addressed the possible impact of patients' economic status on the choice of medical treatment modalities, as some require extra expenditure. Also, female patients were more likely to choose minimally invasive surgeries if RN or PN is required. Cosmetic preference might be one of the reasons for this.

There has been a noticeable trend toward increased application of PN, both open and laparoscopic, and a trend toward minimally invasive renal surgeries such as laparoscopic and robotic-assisted laparoscopic over time.[@b32-tcrm-14-1235] Our results also revealed a trend of decreased open RN, and instead increased minimally invasive RN and both open and minimally invasive PN during 2006--2012.

Although the open surgery still played an important role in managing certain complicated cases, the rapid and wide adoption of minimally invasive techniques for kidney surgeries in selected and suitable candidates is occurring. In addition, the incorporation of robotic assistance in minimally invasive renal surgery may also facilitate broader implementation of minimally invasive renal surgery.[@b33-tcrm-14-1235]

Conclusion
==========

During past decades, fewer and fewer open radical nephrectomies were performed in patients with RCC requiring surgery in Taiwan. Instead, the number of cases of minimally invasive surgeries and PN increased. Compared to open surgeries, minimally invasive surgeries could lead to less postoperative pain and faster recovery. The economic status of the patients potentially hinders them from receiving minimally invasive surgeries which may cause more medical costs.
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###### 

General characteristics of all patients

  Characteristics                        
  -------------------------------------- ----------------------------------------
  Total patients (N)                     3,172
  Age (years)                            
   Mean                                  61.1
   ≤40                                   313 (9.87%)
   41--50                                537 (16.93%)
   51--60                                866 (27.3%)
   61--70                                720 (22.7%)
   71--80                                590 (18.6%)
   ≥81                                   146 (4.6%)
  Gender                                 
   Male                                  2,070 (65.26%)
   Female                                1,102 (34.74%)
  Urbanization                           
   Highly urbanized                      921 (29.04%)
   Moderately urbanized                  1,019 (32.12%)
   Emerging township                     469 (14.79%)
   Rural township                        483 (15.23%)
   Aging township                        63 (1.99%)
   Agricultural township                 120 (3.78%)
   Remote area                           97 (3.06%)
  Underlying disease                     
   Hypertension                          2,205 (69.51%)
   Diabetes mellitus                     1,219 (38.43%)
   Hyperlipidemia                        1,596 (50.32%)
   Hepatitis                             514 (16.2%)
   Chronic hepatitis                     1,107 (34.9%)
  Monthly income                         
   Dependent                             8 (1.28%)
   1--19,999 NTD (1--694 USD)            170 (27.2%)
   20,000--39,999 NTD (694--1,388 USD)   315 (50.4%)
   ≥40,000 NTD (\>1,388 USD)             132 (21.12%)
  Hospital stay (days), mean ± SD        11.3±7.9
  Medical cost, mean ± SD                102,186±81,639 NTD (3,546.9±2,833 USD)

**Abbreviations:** NTD, New Taiwan Dollar; USD, United States Dollar.

###### 

Subgroup analysis between 4 groups divided by type of surgery

  Variables                              Open RN                                Minimally invasive RN                    *p*-value[a](#tfn2-tcrm-14-1235){ref-type="table-fn"}   Open PN                                 Minimally invasive PN                   *p*-value[b](#tfn3-tcrm-14-1235){ref-type="table-fn"}   *p*-value[c](#tfn4-tcrm-14-1235){ref-type="table-fn"}
  -------------------------------------- -------------------------------------- ---------------------------------------- ------------------------------------------------------- --------------------------------------- --------------------------------------- ------------------------------------------------------- -------------------------------------------------------
  Age                                                                                                                                                                                                                                                                                                                    
   Mean (years)                          58.85                                  60.34                                                                                            57.42                                   56.85                                                                                           
  Gender                                                                                                                                                                                                                                                                                                                 
   Male                                  1,216 (65.84%)                         378 (60.48%)                                                                                     358 (68.98%)                            118 (65.19%)                                                                                    0.0209
   Female                                631 (34.16%)                           247 (39.52%)                                                                                     161 (31.02%)                            63 (34.81%)                                                                                     
  Urbanization                                                                                                                                                                                                                                                                                                           
   Highly urbanized                      171 (27.36%)                           39 (21.55%)                                                                                      541 (29.29%)                            170 (32.76%)                                                                                    0.00086
   Moderate urbanized                    204 (32.64%)                           69 (38.12%)                                                                                      565 (30.59%)                            181 (34.87%)                                                                                    
   Emerging township                     94 (15.04%)                            34 (18.78%)                                                                                      274 (14.83%)                            67 (12.91%)                                                                                     
   Rural township                        111 (17.76%)                           30 (16.57%)                                                                                      270 (14.62%)                            72 (13.87%)                                                                                     
   Aging township                        11 (1.76%)                             0 (0%)                                                                                           50 (2.71%)                              2 (0.39%)                                                                                       
   Agricultural township                 21 (3.36%)                             5 (2.76%)                                                                                        78 (4.22%)                              16 (3.08%)                                                                                      
   Remote area                           13 (2.08%)                             4 (2.21%)                                                                                        69 (3.74%)                              11 (2.12%)                                                                                      
  Underlying disease                                                                                                                                                                                                                                                                                                     
   Hypertension                          1,277 (69.14%)                         450 (72%)                                                                                        355 (68.4%)                             123 (67.96%)                                                                                    0.4833
   Diabetes mellitus                     689 (37.3%)                            256 (40.96%)                                                                                     205 (39.5%)                             69 (38.12%)                                                                                     0.4011
   Hyperlipidemia                        851 (46.07%)                           340 (54.4%)                                                                                      288 (55.49%)                            117 (64.64%)                                                                                    \<0.0001
   Hepatitis                             278 (15.05%)                           93 (14.88%)                                                                                      104 (20.04%)                            39 (21.55%)                                                                                     0.0073
   Chronic hepatitis                     608 (32.92%)                           210 (33.6%)                                                                                      210 (40.46%)                            79 (43.65%)                                                                                     0.0008
  Monthly income                                                                                                                                                                                                                                                                                                         
   Dependent                             88 (4.76%)                             101 (3.18%)                                                                                      5 (0.96%)                               0 (0%)                                                                                          \<0.0001
   1--19,999 NTD (1--694 USD)            507 (27.45%)                           872 (27.49%)                                                                                     149 (28.71%)                            46 (25.41%)                                                                                     
   20,000--39,999 NTD (694--1,388 USD)   870 (47.1%)                            1,473 (46.44%)                                                                                   218 (42%)                               70 (38.67%)                                                                                     
   ≥40,000 NTD (\>1,388 USD)             382 (20.68%)                           726 (22.89%)                                                                                     147 (28.32%)                            65 (35.91%)                                                                                     
  Hospital stay (days), mean ± SD        12.4±8.8                               10.3±6.7                                 \<0.0001                                                9.7±5.7                                 8.2±5.3                                 0.0031                                                  
  Medical cost, mean ± SD                106,956±96,018 NTD (3,712±3,333 USD)   101,425±54,546 NTD (3,520.5±1,893 USD)   0.7671                                                  88,455±58,778 NTD (3,070.0±2,040 USD)   95,511±42,213 NTD (3,315.0±1,465 USD)   0.0831                                                  

**Notes:**

*p*-values are comparison between open RN and minimally invasive RN groups.

*p*-values are comparison between open PN and minimally invasive PN groups.

*p*-values are comparison between all 4 groups.

**Abbreviations:** PN, partial nephrectomy; RN, radical nephrectomy; NTD, New Taiwan Dollar; USD, United States Dollar.

###### 

Bleeding-related complications and opioid analgesics consumption in all 4 groups

  Group                   Patients (n)   Bleeding-related complication   Opioid analgesics                                                   
  ----------------------- -------------- ------------------------------- ------------------- ------------ ------------ ---------- ---------- ----------
  Open RN                 1,847          1,161                           1,074 (58.15%)      15 (0.81%)   72 (3.9%)    \<0.0001   87.6±120   \<0.0001
  Minimally invasive RN   625            297                             282 (45.12%)        3 (0.48%)    12 (1.92%)              55.3±89    
  Open PN                 519            234                             210 (40.46%)        11 (2.12%)   13 (2.5%)    0.394      49.9±65    0.8334
  Minimally invasive PN   181            75                              66 (36.46%)         4 (2.21%)    5 (2.76%)               48±65      
  Total                   3,172          1,767                           1,632               33           102                     78.9±107   

**Abbreviations:** PN, partial nephrectomy; RN, radical nephrectomy.
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